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ABSTRACT 


The rotation of a motor is converted into a swinging 
movement of an ultrasonic transducer by a conversion 
mechanism. The relationship between a rotation angle 6 
of the motor and a swinging angle tj of the ultrasonic 
transducer can be expressed by 17= tan -1 (sin0). The 
rotation of the motor is detected by a rotation detector 
of a reluctance type having an eccentric rotor. A signal 
having a nonlinear relationship with respect to an actual 
rotation angle $ of the motor, which can be expressed 
by the following equation, is supplied to a motor driver 
from the rotation detector: 

$D=6+Ksin 26. 

A dummy rotation angular velocity o>z> which is a rate 
of change with respect to a time of a dummy rotation 
angle 6d is obtained by the driver. The motor is servo- 
driven with reference to a deviation value between the 
dummy rotation angular velocity cu/> and a velocity 
setting value g>m- Therefore, the motor is rotated so that 
the rotation angle 0 has the nonlinear relationship with 
respect to time t, as expressed in the following equation: 


8 =txi\{i—K sin 1*i>mi. 


A scanning velocity V of an ultrasonic beam is substan- 
tially constant. 

11 Claims, 14 Drawing Figures 
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accuracy and reliability of ultrasonic diagnosis is im- 

ULTRASONIC SCANNER proved. 

According to the present invention, there is provided 

BACKGROUND OF THE INVENTION an ultrasonic scanner in which ultrasonic beams scan an 

The present invention relates to an ultrasonic scanner 5 f«SM "> be examined [at predetermined stroke and ve- 
in which rotation of a motor is converted into a swing- Iocit y characteristics. This ultrasonic scanner comprises 
ing movement of an ultrasonic transducer, thereby pro- a motor > an «jt™onic transducer for generating an 
during a scanning ultrasonic beam. ultrasonic beam and a supporting means for swmgably 

In an ultrasonic diagnostic apparatus, an ultrasonic 1A supporting the ultrasonic transducer around a swinging 
transducer is supported to be swingable about an axis 10 shaft. The ultrasonic transducer is swung, so that the 
perpendicular to an ultrasonic beam irradiation direc- ultrasonic beams scan the object to be examined at a 
tion. A disc is arranged on a rotating shaft of a motor. predetermined stroke. A converting mechanism con- 
The rotation of the motor is converted by a link, which ™™ * e rotation of a motor int0 a swinging movement 
couples a peripheral portion of the disc and the trans- . . of the ultrasonic transducer. A changing means is pro- 
ducer, into a swinging movement of, for example, an 15 vided for changing the rotation velocity of the motor in 
angle of about 90 degrees. When the motor is rotated accordance with its rotation angle. This changing 
once, the transducer reciprocates once to return to its means adjusts the rotation velocity of the motor, so that 
initial position. Therefore, the motor is continuously a scanning velocity of the ultrasonic beam, generated 
rotated, thereby continuously operating a transducer. Jfl ^om the ultrasonic transducer and irradiating a center 
This mechanism is simple and inexpensive. of a scanning stroke, is set to be equal to or slower than 

FIG. 1 shows the relationship between the rotation of those irradiating portions other than the center of the 

a motor and the ultrasonic beam radiation direction of a scanning stroke. 

transducer. When the rotating shaft 10 of a motor is According to the present invention, the motor is 

. rotated, a coupling point 12, which couples a peripheral 25 rotated at a inconsistant velocity so that the scanning 

portion of a disc and an arm, is rotated. In synchronism velocity becomes constant. According to this, the ultra- 

with this rotation, a transducer is swung about a swing- sonic transducer widely scans an ob ject to be examined 

ing center 14, and an ultrasonic beam 16 is scanned at an at a constant velocity thro ughout the scanning stroke, 

angle of In this case, a scanning distance S of the Since the ultrasonic transducer generates ultrasonic 

ultrasonic beam 16 is in proportion to 17, where tj is the 30 pulses having a predetermined interval, a-densitv of the 

swinging angle. Furthermore, when an angular velocity ultrasonic beams becomes constant throughout t he 

of the motor is given by a>, a rotation angle by 6 scanning stroke . A scanning v elocity at a scanning cen-< 

(6= ait), and a time by t, the scanning distance S of the . te r is set t(Toe slower than that at a scanning en d, 

ultrasonic beam 16 is in proportion to tan-Ksin $). th ereby obtaining a num ber of ultrasonic data having 

Therefore, the scanning distance S of the ultrasonic 35 s hort measuring interva ls near the scanning center, 

beam 16 is changed in accordance with the rotation Therefore, reliability and accuracy of ultrasonic d£ g> 

angle 0 or time t, as shown by a curved tine S in FIG. nosis can be improved, and furthermore, the structu re 

2. Since a scanning velocity V is obtained by different- o f the scanner is simple and has a relatively low manu- 

ating the scanning distance S, it is substantially in pro- f actunng cost. 

portion to cos $ and is indicated by a curved line V in 40 BRIEF DESCRIPTI0 N OF THE DRAWINGS 
FIG. 2. 

In this manner, since the rotation angular velocity o> FIG. 1 is a representation showing a stroke of an 
of the motor is constant, the scanning angle and the input rotational movement and an output stroke move- 
scanning distance of the ultrasonic beam 16 are changed ment in a mechanism; for converting a rotation of a 
at a velocity substantially in proportion to cos 9. The 45 motor into a swing movement of a transducer; 
s canning vel ^it y V Wom#>c mmtimnm at a center of a FIG. 2 is a graph showing the relationship between 
scanning stroke fS=CT) a nd becomes zero at a strok e shifting amount of the output stroke movement and a 
end. Since ultrasonic pulses are generated at predeter- velocity when the motor is rotated at a constant veloc- 
mined intervals, respective intervals between positions ity; 

to be subjected to ultrasonic diagnosis are increased at a 50 FIG. 3 is a block diagram showing an overall struc- 

scanning center and are decreased at a scanning end. ture of an ultrasonic scanner according to an embodi- 

However, data acquisition near a scanning center is ment of the present invention; 

most importan t for ultrasonic diagnosis. For this reason, FIGS. 4 and 5 are respectively sectional views of an 

a conventional ultrasonic scanner has a defect in that ultrasonic probe; 

the number of diagnostic data at this important position 55 FIG- 6 is a graph showing the relationship between a 
is small. In order to increase the number of data at the scanning distance S and a scanning velocity V when the 
scanning ^center, a n irradiation interval of ultrasonic^ scanning distance S is changed at a constant. rate; 
pulses may be shortened, but, in this case, a depth of FIG. 7 is a graph showing the relationship between a 
view for ultrasonic diagnosis becomes undesirably shal- rotation angle 6 of the motor and time t when the scan- 
to^, 60 ning distance S is changed at a constant rate; 

FIG. 8 is a block diagram of a rotation detector; 

SUMMARY OF THE INVENTION FIG. 9 is a graph showing the relationship between 

It is an object of the present invention to provide an an output of the rotation detector Bp and a rotation 

ultrasonic scanner in which a sc anning velocity is set to angle 8 of the motor; 

be consja nt(o^hhe scanning velocity at a scanning cen- 65 FIG. 10 is a block diagram of a motor driver; 

ter is set to be slower than that at a scanning end, so that FIG. 11 is a graph showing the relationship between 

a" plurality of ultrasonic data can be obtained at snor t an output of the rotation detector dp and time t, when 

measuring intervals near the scanning center^a nd that tw=G>£; 
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FIG. 12 is a graph showing the relationship between 
a rotation angle 0 of the motor and time t when 

«>M=6>D'> 

FIG. 13 is a block diagram of a rotation detector of an 
incremental pulse type; and 5 

FIG. 14 is a block diagram of a rotation detector 
connected to a conversion table. 


DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 


10 


FIG. 3 shows a block diagram showing the overall 
configuration of an ultrasonic scanner according to an 
embodiment of the present invention. A rotational 
movement of a motor 20 is converted into a swinging 
movement of ah ultrasonic transducer 40 by a conver- 15 
sion mechanism 30, A rotation detector 50 is coupled to 
the motor 20, and an output thereof is supplied to a 
motor driver 80 which controls a rotation velocity of 
the motor 20. An output of the ultrasonic transducer 40 
is supplied to an image processing device 100, and data 20 
of a rotational position of the motor 20 is detected by a 
rotation detector 50 is also supplied thereto. Pulse sig- 
nals are supplied to the ultrasonic transducer 40 at a 
predetermined time from an ultrasonic generator (not 
shown). The ultrasonic transducer 40 thus generates 25 
ultrasonic pulses. 

The conversion mechanism 30 of an ultrasonic probe 
18 will now be described with reference to FIGS. 4 and 
5. FIGS. 4 and 5 are sectional views along planes per- 
pendicular to each other. The motor 20 is stored in a 30 
case 22 of the probe 18. A bag 24 of material having a 
low absorbency of ultrasonic beams is mounted at the 
top end of the case 22. This bag 24 is separated from the 
main portion of the case 22 by a partition wall 23. A 
rotating * shaft 32 of the conversion mechanism 30 is 35 
coaxially arranged on a rotating shaft 26 of the motor 
20. The rotating shaft 32 extends through the wall 23 
and is rotatably supported by bearings 28. A dish- 
shaped rotation member 34 is coaxially fixed at the top 
end of the rotating shaft 32. 40 

A swinging shaft 44 is fixed in the case 22 so that the 
axial direction thereof is perpendicular to the rotation 
shaft 26. The ultrasonic transducer 40 is fixed to a sup- 
porting member 42. The supporting member 42 is rotat- 
ably supported by the swinging shaft 44. Thus, the ul- 45 
trasonic transducer 40 can swing about the swinging 
shaft 44. An arm 38 is disposed between the rotation 
member 34 and the supporting member 42. The arm 38 
is rotatably coupled to the supporting member 42 
through a pivot shaft 46 and is rotatably coupled to the 50 
rotation member 34 through a pivot shaft 36. Central 
axes of the swinging shaft 44 and the pivot shafts 36 and 
46 are perpendicular to each other. With this arrange- 
ment, when the rotation member 34 is rotated once, the 
ultrasonic transducer 40 is swung through an angle of 55 
7jo about the swinging shaft 44, and then returned to its 
initial position. Therefore, when the motor 20 is rotated 
once, an ultrasonic beam generated from the transducer 
40 reciprocally scans once at the angle r\ 0 - 

In the conversion mechanism 30 having such a struc- 60 
ture, if an angular rotation velocity a> of the motor 20 is 
constant, a scanning distance S is substantially in pro- 
portion to sin B, and a scanning velocity V is substan- 
tially in proportion to cos 6. In order to maintain a 
constant scanning velocity V according to a scanning 65 
stroke (i.e., a rotation angle 0 of the motor 20 is 0, 180, 
360 degrees, ... at a scanning center), the rotation angu- 
lar velocity cu of the motor 20 must be changed in accor- 


dance with the rotation angle 0. In other words, the 
swinging angle tj must be changed with respect to time 
t in accordance with a triangular wave, as indicated by 
a curved line S in FIG. 6. 

The present inventors confirmed that the rotation of 
the motor 20 was changed at a period having twice a 
constant angular rotation velocity u>\f of the motor 20 
(i.e., an angular velocity component 2om/, where o>a/ is 
constant), thereby obtaining an inconstant rotation of 
the motor 20. 

This can be explained as follows. In order to simplify 
this explanation, assume that a radius of rotation of the 
pivot shaft 36 (i.e., the distance between the pivot shaft 
36 and the center of the rotating shaft 26) is equal to the 
distance between the rotation center of the pivot shaft 
'36 and the swinging shaft 44. When the ultrasonic beam 
is directed toward the scanning center (i.e., the scanning 
direction coincides with the direction of rotation of the 
rotating shaft of the motor 20), the swinging angle is 
assumed to be zero. When the rotating shaft 26 is ro- 
tated at an angle 6 t the swinging angle is given to be r\. 
In this case, the relation between 6 and tj is given as in 
equation (1): 


lan Tj=sin 6(ot, ij = tan ~ l (sin 6)) 


0). 


In this case, the rotation angle B is periodically 
changed by an angular velocity component 2q>m (i.e., 
twice the steady state angular velocity mm) from the 
linear relationship between 6 and t, as expressed by 
equation (2): 


e = uiM '- K sin 2t»Mi 


(2). 


where K is a constant which determines the value of the 
angular velocity component. Equation (2) can be ex- 
pressed as a graph, as shown in FIG. 7. In FIG. 7, the 
one-dotted chain line indicates 0— wjv/t, and the solid 
line indicates equation (2). As is apparent from this 
graph, in order to change the scanning distance S at a 
constant rate, the rotation angle 6 of the motor 20 is 
periodically shifted with respect to time t from a 
straight line of B = oiMi. The angular velocity of the 
motor 20 is changed during two periods, while the 
motor 20 is rotated once. 

Equation (2) means that the angular velocity a)(=0/t) 
of the motor 20 is changed with respect to time in ac- 
cordance with the following equation (3): 


<j=«,m— (AV/) sin 2t»M t 


(3). 


When equation (2) substitutes for equation (1), r\ can 
be expressed as follows: 


t)= tan"" Kan {ta^—K sin 2<ja/x)> 


(4). 


From equation (4), tj can be expressed by the following 
approximation: 


tj=o sin o>Mt + b sin 3 cujyr-f c sin 5u>jtf/+d sin Tto^t 


(5). 


where coefficients a, b, c, and d are constants deter- 
mined in accordance with the value of the coefficient K. 

In order to change the scanning distance S at a con- 
stant rate, it must be changed with respect to time t in 
accordance with a substantially triangular wave, as 
shown in FIG. 6. In this case, the swinging angle vj 
changes in accordance with a Fourier expansion as 
follows: 
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supplies the start signal to the counter 66. When the 
j)=%sn <u^f-<i/9) sin 3o>A/r+(l/25) sin Surf (6). starl signal is supplied to the counter 66, the counter 66 

clears the previous count and resumes the counting 
If the coefficient K of equation (2) is properly set, the operation of the clock pulses from the clock 68. When 
coeffictents a, b, c and d of equation (5) can be set at 5 lhe d , b suppHed to ^ counter 66, the counter 
.values close to ideal values. In the case wherein the 66 lransmitsthis count to the latch 70. The output of the 
coefficient K is set in this manner when 6 is changed deteclor M M serve ^ a scanning slart timing pulse of 
with respect to time t as expressed m equation (2), the transducer ^ The out t si ^ which ^ 

scanning distance S can be changed at a constant rate. g ^ ^ c 

In this embodiment, the motor 20 is rotated at an 10 ? _ . A . A , _ n A _ ° 

inconsistent velocity by the rotation detector 50 and the » also supplied to the transducer 40. Wher > the trans- 
motor driver 80. The rotation detector 50 will be de- ducer 40 rece,ves st0 P S1 ^' rt can start scan ' 
scribed with reference to FIG. S. The rotation detector mn S operation. 

50 comprises an encoder 54 and a sensor 52, which As described above, amplitudes of the reference AC 
converts changes in the rotation angle into changes in ]5 currents sin «A*t and cos umX supplied to the sensor 52 
reluctance. This rotation detector of the reluctance type " set to be the same, so that a signal which changes 
has been reported in Japanese Patent Disclosure No. linearly with respect to the rotation angle 6 of the 
82-70406, and so will be only briefly described below. motor 20 can be generated. According to this advan- 
The sensor 52 comprises a stator 56, which is coaxially tage, this detector has been conventionally used for 
disposed to the routing shaft 26 of the motor 20, and an 2Q detecting a rotational position of a rotor (rotation angle 
eccentric rotor 60 fixed to the rotating shaft 26. Four 0), as reported in Japanese Patent Disclosure No. 
magnetic poles 56a, 56*, 56c and 56^ are arranged in the 82-70406. However, in this embodiment, amplitudes of 
stator 56 to be separated by a predetermined distance. A the excitation AC currents sin o»^t and cos myi are 
primary coil 58a is wound around the magnetic poles different from each other, and a dummy rotation angle 
56j and 56c, and one end of the coil 58a is grounded, 25 Bd which is shifted by A0 is thereby generated from the 
and the other end is coupled to a sine wave generating rotation detector 50 with respect to the rotation angle 0. 
terminal of a current generating circuit 62. A primary A0 is in proportion to sin 20 as follows: 
coil 586 is wound around the magnetic poles 56b and 

S6d, and one end of the coil 58£ is grounded, and the 6z>=&+A0=0+/ , sin IB (8). 

other end is coupled to a cosine wave generating termi- 

nal of the current generating circuit 62. A secondary The absolute value of a coefficient P becomes large in 
coil 58c is wound around the magnetic poles 56a, 56b, accordance with an increase in the difference between 
56c and 56c/. One end of the coil 58c is grounded, and respective amplitudes of the excitation AC currents sin 
the other end is coupled to a zero crossing detector 64. coA/t and cos a>A/t. For example, when the ratio of differ- 
A counter 66 is coupled to the generating circuit 62 and ^ erice in amplitudes is 1 %, 2% and 3%, they respectively 
the detector 64. A clock 68 is coupled to the counter 66. correspond to angles of about 0.3 degrees, 0.5 degrees 
Clock pulses generated from the clock 68 are supplied and 0.9 degrees. Therefore, when the difference be- 
to the counter 66 at a predetermined period. The tween amplitudes of the currents sin coj^t and cos oA/t is 
counter 66 starts the counting operation in response to a properly set, the coefficient P can coincide with the 
start signal from the generating circuit 62 and stops it in coefficient K for changing the scanning distance S at a 
response to a stop signal from the detector 64. A count constant velocity. 

value of the counter 66 is latched in a latch 70. ln this caset the dummy rotation angle 6d* generated 

In the rotation detector 50 having such a configura- from ^ rotat i on detector 50, is changed with respect 
tion, the primary coils Sto and 586 are excited by the tQ ximt ^ ^ shown in pi G 9 m(j ^ be expressed as 
current generating circuit 62 at currents sin ti>A/t and cos follows* 
ojv/t, respectively. Then, a magnetic path which couples 45 

the magnetic poles 56a and 56c and a magnetic path e^-d+Xsin IB (9). 

which couples the magnetic poles 566 and S6d are re- 
spectively formed between the stator 56 and the rotor -j^ dummy rotation angle 6j) is supplied to the motor 
60. Since the rotor 60 has an eccentric structure, a gap driver gn, ^ shown m piG. 10. A velocity detector 82 
between the stator 56 and the rotor 60 is continuously » of ^ motor driver 80 calculates a rate of change (dif- 
changed about the respective magnetic paths by the ferentiated value) of the dummy rotation angle 0/>from 
rotation of the rotating shaft 26 of the motor 20. the rototion detector 50 with respect to a predetennined 
Changes in the gap are converted into changes m reluc- riod of ^ thereby obtaining a dummy rotation 
tance thereby changing an excitation voltage E of the y ^ du rotalion velocitv is con- 

secondary coil 58c. If the exatatoon currents sin yerted • m ^ signaJ y( } b a d/A 

and cos cw t have the same amplitude, the secondary ^ } fe fied ^ ft deyiation de _ 

coil excitation voltage E can be expressed as follows: ^ gfi ^ devi ^ on oetec | or 86 ^ m 

£ =Kin (wjl/f _e) (7). angular velocity setting signal V(coAf) from an angular 

60 velocity setting circuit 88, and a deviation value be- 
An output voltage of the secondary coil has a phase tween V{um) and V(o)jd) is obtained by the deviation 
angle equal to the rotation angle 6 of the rotor 60. detector 86. This deviation value is supplied to a servo 

The output voltage E of the secondary coil 58c is amplifier 90 to be amplified and is used for driving the 
supplied to the zero crossing detector 64. When the motor 20. 

output voltage E becomes zero, the detector 64 supplies 65 In a servo loop, the rotation of the motor 20 is con- 
the stop signal to the counter 66. On the other hand, trolled to establish V(o*at)= V(©d). However, since the 
when the excitation currents sin o>A/t and cos cojv/t re- dummy angular velocity wd is obtained with reference 
spectively become zero, the generating circuit 62 to the relation of 0z>=0+sin 26, the motor 20 is rotated 


r » - 
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at an inconstant velocity when the servo loop is stabi- 
lized. If the delected value dp of the rotation detector 
50 were equal to a>A/t (o>a/=o>z)), the motor 20 would be 
rotated at a constant velocity as shown in FIG. 11. 
However, as described above, the rotation detector 50 5 
supplies the dummy rotation angle 6a, given by equa- 
tion (9) above, to the motor driver 80. For this reason, 
the motor 20 has an inconsistent rotation, as expressed 
by equation (2) and as shown in FIG. 12. Then, the 
scanning distance S of the ultrasonic transducer 40 is 10 
changed at a constant rate, and the scanning velocity V 
becomes constant. 

As shown in FIG. 5, the ultrasonic transducer 40 
receives scanning timing pulses from the clock 68 at a 
predetermined interval, and an ultrasonic beam is gener- IS 
ated in accordance therewith at any position. Since the 
scanning velocity V is constant within an overall range 
of the scanning stroke about the scanning center, ultra- 
sonic pulses, generated in accordance with constant 
scanning timing pulses, scan an object to be examined at 20 
predetermined intervals. 

An echo pulse reflected in an object to be examined 
such as a patient is detected by the transducer 40, and a 
reception signal from the transducer 40 is supplied to a 
known image processing circuit 100. The image pro- 25 
cessing circuit 100 processes this reception signal and 
changes it into proper data. Data of the rotation angle 0 
from the rotation detector 50 is also supplied to the 
image processing circuit 100, and the ultrasonic data is 
corresponded to the scanning distance S, thereby dis- 30 
playing a slice image at its scanning line. A digital scan 
converter can be provided to display the ultrasonic data 
on a television image. In the digital scan converter, 
these ultrasonic data are stored in a memory in corre- 
spondence with the respective scanning lines. These 35 
data are read out in accordacne with a television format 
and are displayed on a CRT. 

The operation of the ultrasonic scanner having the 
above configuration will now be described. The motor 
20 is rotated by the motor driver 80. The rotation of the 40 
motor 20 is converted into a swinging movement of the 
ultrasonic transducer 40 by the converting mechanism 
30. The rotation of the motor 20 is detected by the 
rotation detector 50. The dummy rotation angle 6d, 
which is shifted from the actual motor rotation angle 6 45 
at a period J the rotation period of the motor 20, is 
generated by the rotation detector 50. The dummy 
rotation angular velocity ojd, which is a rate of change 
of the dummy rotation angle Op, is obtained by the 
motor driver 80. Then, the motor 20 is driven by the 50 
servo amplifier 90 with reference to a deviation value 
between the dummy rotation angular velocity o/jand 
the velocity setting value oim (which is constant). The 
motor 20 is rotated at an inconsistam velocity which 
periodically changes at twice an angular velocity com* 55 
ponent with respect to time t, as shown in FIG. 7. The 
ultrasonic beam scans an object to be examined, at the 
constant scanning velocity V . U ltrasonic pulses are 
generated from tne ultrasonic transitu r^r 40. and ultr a- 
sonic data having a higher density than in the conve n- 60 
. tional case and a constant scanning interval can be ob - 
tained at the scanning cent er. 

In order to obtain a nonlinear output of the rotation 
detector 50, as shown in FIG. 9, amplitudes of the cur- 
rents sin a>A/t and cos vMt are not always different, from 65 
each other as described above, but a phase difference 
between two currents can be started to change from 90 
degrees. 
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A rotation detector having nonlinear detection char- 
acteristics is not limited to one of a variable reluctance 
type, as shown in FIG. 8, but can be a phase shift sensor 
of a variable magnetic coupling type such as a resolver. 

A rotation detector of an incremental pulse generat- 
ing type can also be used as the rotation detector. A 
rotation detector 110 shown in FIG. 13 is an incremen- 
tal rotary encoder, which generates pulses with prede- 
termined nonlinear characteristics (inconstant interval 
pitch). An output pulse INCP from the detector 110 is 
supplied to a frequency/voltage converter 112 so as to 
obtain an analog velocity detection signal V(aJi)). The 
signal V(o>£) is supplied to the deviation detector 86 of 
FIG. 10. The output pulse INCP is supplied to the 
ultrasonic transducer 40 as an operation timing pulse. 
The pulse INCP is counted by a counter 114, thereby 
obtaining data on the rotation angle of the motor 20. 
This data is supplied to the image processing circuit 100 
(FIG. 4). 

In this case, when the motor 20 is rotated at a desired 
inconsistant velocity, as shown in FIG. 7, a pulse gener- 
ating pattern is nonlinear with respect to the actual 
rotation angle 0, so a generating time interval of the 
pulse INCP becomes constant. Therefore, the pulse 
INCP can serve as a clock pulse having a constant time 
interval. Furthermore, a count value of the counter 114 
preferably corresponds to the scanning distance S of the 
ultrasonic transducer 40 within a range in which the 
ultrasonic transducer 40 scans at substantially constant 
velocity. 

When the rotation detectors 50 (FIG. 8) and 110 
(FIG. 13) are used, the detection data corresponds sub- 
stantially linearly to the scanning distance S of the ultra- 
sonic transducer 40. Therefore, the detection data of the 
detector 50 and 110 can be used as the scanning distance 
S in the image processing circuit 100. 

However, in the present invention, the rotation detec- 
tor is not limited to one having the above nonlinear 
detection characteristics, but may have linear detection 
characteristics. In this case, an inconstant motor veloc- 
ity function corresponding to a detection value of a 
rotation angle of the motor is read out from a table and 
can be used to control the motor. 

As shown in FIG. 14, a rotation detector 120 gener- 
ates digital data linearly corresponding to the actual 
rotation angle 6 of the motor 20. This data is supplied to 
a conversion table 122, thereby reading out 0/> ex- 
pressed by equation (9). $d is supplied to the velocity 
detector 82 from the conversion table 122. The motor 
driver 80 performs the same operation as shown in FIG. 
10. Therefore, the same reference numerals as in FIG. 
10 denote the same parts in FIG. 14, and a detailed 
description of the motor driver 80 is omitted. In this 
embodiment, data having linear characteristics with 
respect to the rotation of the motor is generated from 
the rotation detector 120. Then, the data is converted 
into nonlinear data with respect to the rotation of the 
motor by the conversion table 122, and the dummy 
rotation angle 0£>is supplied to the velocity detector 82. 

What is claimed is: 

1. An ultrasonic scanner in which an ultrasonic beams 
scans an object to be examined through a predetermined 
scanning stroke having a central region and two oppo- 
site end points, the scanner comprising: 
a unidirectional rotary motor having an output shaft, 
said motor in operation continuously rotating in 
one direction; 
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an ultrasonic transducer for generating an ultrasonic 
beam; 

supporting means, including a transducer oscillating 
shaft extending in a direction substantially perpen- 
dicular to the output shaft of said motor, for sup- 5 
porting said ultrasonic transducer in such a manner 
that said transducer can be oscillated around said 
transducer oscillating shaft and through it prede- 
termined scanning stroke; 

coupling means for coupling said output shaft of said 10 
motor with the transducer oscillating shaft and 
converting the continuous unidirectional rotation 
of the output shaft into an oscillating motion of the 
transducer. 

rotation angle detection means coupled with said 15 
motor for detecting the actual rotation angle of the 
output shaft of the motor and producing a nonlin- 
ear control signal which is a function of twice the 
detected actual rotation angle of the motor; and 

changing means, coupled with said rotation angle 20 
detection means and said motor, for changing the 
velocity of the output shaft of said motor in re- 
sponse to said control signal in a manner that 
causes the transducer to oscillate at a uniform ve- 
locity at least through the central region of the 25 
scanning stroke. 

2. An ultrasonic scanner according to claim 1, 
wherein said rotation angle detection means generates a 
signal which is shifted from the actual rotation angle & 
and corresponds to a dummy rotation angle Ojycx- 30 
pressed by the following equation: 

$ D ~8+K sin 20 

35 

where K is a constant 

3. An ultrasonic scanner according to claim 2, 
wherein said rotation angle detecting means includes a 
sensor and an encoder, 

said sensor including a ring-shaped stator, an eccen- 40 
trie rotor which is coupled to said motor and is 
concentrically provided in a stator, four magnetic 
poles arranged in said stator at equal intervals, a 
pair of primary coils which are wound around 
respective pairs of magnetic poles which are op- 45 
posed to have said rotor therebetween, and a sec- 
ondary coil which is wound around said four mag- 
netic poles, and 

said encoder including a current generating circuit 
which excites said primary coils by alternate cur- 50 
rent signals respectively having different phases 
and amplitudes, and phase shift detecting means for 
detecting a phase shift amount of a secondary coil 
excitation voltage having a phase which is shifted 
in correspondence with a rotation angle of said 55 
rotor by a change in a reluctance or magnetic cou- 
pling upon rotation of said rotor. 

4. An ultrasonic scanner according to claim 3, 
wherein said phase shift detecting means comprises a 
zero crossing detecting circuit for detecting a zero 60 
crossing of the secondary coil excitation voltage, and a 
counter to which a start signal is supplied when a gener- 
ating circuit generates an alternate current signal and a 
stop signal is supplied from said zero crossing detecting 
circuit which said zero crossing detecting circuit de- 65 
tects a zero crossing, said counter starting a counting 
operation in response to the start signal and stopping the 
counting operation in response to the stop signal, 


whereby a phase shift amount is obtained by a count of 
said counter. 

5. An ultrasonic scanner according to claim 4, 
wherein said changing means includes a motor driver 
including a velocity detecting circuit, to which a 
dummy rotation angle Opis supplied from said rotation 
angle detection means, for obtaining a dummy rotation 
angular velocity w/> which is a rate of change with 
respect to a time of 9d, a digital/analog converter for 
converting the dummy rotation angular velocity w/j 
into an analog signal V(w/>), a setting unit for setting a 
velocity setting signal V(wj^), a deviation detector, to 
which the analog signal V(w*/) and the velocity setting 
signal V(w/>) are supplied from said setting unit and said 
digital/analog converter, respectively, for detecting a 
deviation value between the two signals V(w/>) and 
V(wyi/), and a servo amplifier which rotates said motor 
by an output from said deviation detector. 

6. An ultrasonic scanner according to claim 2, 
wherein said rotation angle detecting means generates 
incremental pulses at a nonlinear interval with respect 
to the rotation angle of said motor; and 

said changing means includes a motor driver includ- 
ing a frequency/voltage converter for requency/- 
voltage-converting the incremental pulses, of said 
rotation angle detection means into an analog sig- 
nal of a rotation angular velocity V(w/j) of said 
motor, a setting unit for setting a velocity setting 
signal V(wjt/), a deviation detector to which the 
analog signal V(wa/) and the velocity setting signal 
V(w£>) are supplied from said setting unit and said 
frequency/voltage converter, respectively, for 
detecting a deviation value between the two signals 
V(wi>) and V(wji/), and a servo amplifier which 
rotates said motor by an output from said deviation 
detector. 

7. An ultrasonic scanner according to claim 2, 
wherein said rotation detecting means comprises a rota- 
tion detector for generating a linear signal with respect 
to the rotation angle 6 of said motor, and a conversion 
table for generating a nonlinear signal Bd with respect 
to a signal 6 of said rotation detector, which is ex- 
pressed as follows: 

e D =6+K sin 36 

8. An ultrasonic scanner according to claim 2, 
wherein said supporting means includes 

a supporting member, which is swingable around said 
transducer oscillating shaft, for supporting said 
ultrasonic transducer, said supporting member hav- 
ing first and second pivot shafts spaced apart in a 
direction perpendicular to said transducer oscillat- 
ing shaft, respectively, and said coupling means 
includes, 

a rotation member fixed to said rotating shaft of said 
motor, said rotation member having a third pivot 
shaft spaced outside the axis of said rotating shaft 
of said motor, and 

said supporting member and said rotation member 
being coupled through said first, second and third 
pivot shafts in a manner so that the relationship 
between the rotation angle 6 of said motor and the 
swinging angle r\ of said ultrasonic transducer is 
expressed by the following equation: 

7)=tAD -, (fin 9). 
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9. An ultrasonic scanner according to claim 8, 
wherein the swinging angle tj can be expressed by an 
equation approximate to a Fourier expansion. 

10. The ultrasonic scanner of claim 1 wherein said 
changing means ca uses said motor to constantly chan ge 
velocity throughout its operation and repeat a predeter- 
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mined velocity change pattern two times for each com- 
plete rotation ot tne mot or. 

11. The ultrasonic scanner of claim 1 wherein said 
changing means causes said transducer to oscillate at a 
uniform velocity throughout the predetermined scan- 
ning stroke. 
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